To evaluate the concept that biases in the usage of T cell antigen receptor 8 variable (V) regions may be manifested in T lymphocytes that accumulate in nonmalignant, T cell-mediated human disorders, a V,8-specific antibody (anti-TI3A, 5REX9H5) was used to evaluate lung and blood T cells in pulmonary sarcoidosis, a chronic granulomatous disorder of unknown etiology. Whereas normal patients had < 5% TL3A+ lung (n = 7) and/or blood (n = 9) lymphocytes, strikingly, a subgroup (8 of 21) 
Introduction
The specificity ofthe T lymphocyte for an antigen presented in the context of class I and II MHC proteins resides with the T cell receptor, a dimeric complex ofa 50-kD a-chain and 43-kD ,-chain (1) (2) (3) (4) . The enormous diversity of T cell specificities is created by rearrangement, during T cell ontogeny, ofgermline variable (V)', diversity (D), junctional (J), and constant (C) region DNA segments of the genes coding for the T cell receptor (5-7). Recent estimates suggest there are > 50 Va and 50 Ja gene segments and at least 60 Via 2 Do, and 13 Ja segments (8, 9) , a repertoire of genetic building blocks apparently sufficient for the necessary T cell antigen specificities.
Despite this potential broad diversity, studies in experimental animals suggest there can be biases in the use ofspecific germline genetic elements that make up the T cell antigen receptor variable regions. In this context, significant preferences have been observed in the usage of specific V regions for a (Va) and # (Vi) chains by T cells responsive to defined antigen-MHC or allogenic determinants (10) (11) (12) (13) (14) . It also has been suggested that T cells with specific antigen receptor repertoires may accumulate in association with normal and abnormal developmental processes (15) (16) (17) (18) (19) or may be expanded or restricted by T cell-T cell interactions and/or anti-T cell receptor antibodies, in a fashion analogous to the network interactions in B cell immune responses (20) .
Identification of biases in the usage of specific T cell antigen receptor gene elements is not only of interest in terms of the general understanding of T cell-mediated immune responses. It also may help us to understand T cell-mediated human diseases of unknown etiology by offering clues to the nature of the stimulus or to regulatory processes that contribute to the overall pathogenic process. One such disease is sarcoidosis, a common, nonmalignant, chronic disorder of unknown etiology characterized at sites of disease by the enhanced accumulation of CD4' T cells, exaggerated T cell proliferation, and the spontaneous expression of the IL 2 and IL 2 receptor genes, and noncaseating granuloma (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . In the context of these considerations, evaluation of the T cells that accumulate at sites of disease in sarcoidosis for a possible bias in the usage of genetic units that can code for the elements of the T cell antigen receptor variable regions may provide insights into the specificity and function of T cells in the disease process.
As an initial approach to this concept, we have evaluated sarcoid lung and blood T cell populations for usage of the V'68 subfamily of To variable regions. We focused on V,08 after a preliminary screen with a panel of T cell clonotype-specific antibodies demonstrated a striking bias for T cells expressing V,8 surface determinants in a subgroup of individuals with this disease.
Methods
Study populations. Using previously defined criteria, including lung biopsy, bronchoalveolar lavage, and gallium-67 lung scanning (21, 31) the diagnosis of active pulmonary sarcoidosis was established in 21 individuals. None were receiving therapy at the time of study or within the previous 2 mo. As is typical for such patients (21, CD4'/CD8' ratio for blood T lymphocytes averaged 1.7±0.2. For comparison purposes, six additional individuals with lung T cell disorders were evaluated, the disorders including hypersensitivity pneumonitis (n = 3) and berylliosis (n = 3). These individuals had findings typical for each disease, respectively, as previously described (33-35).
Source and purification ofcells. Lung mononuclear cells obtained by bronchoalveolar lavage (29) were enriched for T lymphocytes by passage over nylon wool columns (36) . Blood mononuclear cells, isolated using Ficoll-Hypaque, were enriched for T lymphocytes in a similar fashion. In all cases, the resulting lung lymphocyte preparations were > 70% T lymphocytes and the blood lymphocytes were > 90% T cells, as assessed by the pan-T MAb, anti-CD2 (see below). Blood neutrophils were isolated from the cell pellets of the Ficoll-Hypaque gradients using high-molecular weight dextran sedimentation. The proportion of Ti3A+ CD2+ lymphocytes analyzed by two-color immunofluorescence was determined by first gating on lymphocytes using forward-angle and 900 light scatter, and evaluating the contour plots by quadrant analysis to identify unstained cells, single-stained cells, and double-stained cells as compared with control samples. The proportion of Ti3A+ CD2+ lymphocytes was directly determined by gating on the CD2+ lymphocyte population and determining the percent Ti3A+ lymphocytes within the CD2+ lymphocyte gate. Similarly, the proportion of Ti3A+ CD4+ and Ti3A+ CD8+ lymphocytes was analyzed using two-color immunofluorescence by first gating on lymphocytes using forward-angle and 900 light scatter, evaluating the contour plots by quadrant analysis based on control samples, further gating on either the CD4+ or CD8+ lymphocyte population, and determining the percent Ti3A+ lymphocytes within the CD4+ or CD8+ lymphocyte gates. The controls included samples incubated with control-Ig, stained with FITC-anti-mouse Ig and then incubated with biotin-control-Ig, and stained with avidin-Texas Red. In all cases, the controls labeled < 1% of lung and blood cells in the lymphocyte gate chosen.
Northern and Southern blot analysis. Northern analysis was used to evaluate lung and blood T lymphocyte RNA for the presence of V,68- than autologous blood lymphocytes and blood of normals (Fig. 4) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) , and that the Ti3A epitope has been shown to be used without preference in both CD4' and CD81 normal blood T cells (40) , blood and lung lymphocytes of individuals with sarcoidosis were evaluated for the expression of the Ti3A epitope in these subsets. Interestingly, the Ti3A epitope was expressed across CD4 and CD38 phenotypes in blood and lung lymphocytes of individuals with sarcoidosis as it is in normal individuals (Fig. 5) . Significantly, the ratio of Ti3A+ CD4+ to Ti3A+ CD8+ lymphocytes in the sarcoid lung was markedly elevated (compare C with D), whereas it was reversed in the blood (compare A with B). However, the Ti3A+ CD4+ to Ti3A+ CD8+ ratio in the two compartments in the sarcoid patients approximated the overall CD4+/CD8+ lymphocyte ratios in lung and blood, i.e., the compartmentalization ofthe Ti3A+ cells tracked with the compartmentalization of CD4+ and CD8+ lymphocytes in lung and blood in active pulmonary sarcoidosis. Second, the compartmentalization of Ti3A+ T cells of the CD4+ and CD8+ phenotypes to the lung and blood, respectively, suggests that an active selection process, as yet undefined, is responsible for the initiation and maintenance ofthese apparent T cell gradients. Several mechanisms, not necessarily exclusive of one another, may be responsible for this perturbation of the normal steady state. The fact that there is exaggerated proliferation of T cells in the sarcoid lung (23, 26, 28) , together with activated CD4+ lung T cells in the same location (21, 29, 51, 52) , is consistent with the concept that CD4+ Ti3A+ T cells compartmentalize to the lung secondary to selective local activation and proliferation. It is also possible that CD8+ Tj3A+ T cells also proliferate in the lung, but while the CD4+ population remains in the local milieu, the CD8+ T cells traffic to blood. Alternatively, the accumulation ofCD4+ Ti3A+ T cells in the lung may result from the active recruitment and/or homing of CD4+ Ti3A+ T cells from blood.
Third, the preferential use of a specific V, gene subfamily in a subgroup of individuals with sarcoidosis could be on an inherited basis. Consistent with this concept, sarcoidosis clearly has a familial basis, at least in some individuals (53) . Furthermore, the exaggerated T cell proliferation, lymphadenopathy, and preferential use of a variable region segment in a clonally diverse fashion in sarcoidosis has interesting parallels to the MRL/Mp-lpr/lpr autoimmune mouse, in which the autosomal recessive lpr gene is responsible for these abnormalities in genetically predisposed mice (18). It thus is conceivable that a predisposition to sarcoidosis could be associated with a bias toward V#8 gene segments, for example, secondary to polymorphisms in the T cell receptor ,8-gene locus (resulting in nonrandom T cell rearrangement processes) or from polymorphisms in gene segments controlling thymic processes that normally delete self-MHC reactive T cells and select for antigen-specific, self-MHC restricted T cells.
Fourth, although sarcoidosis has many clinical similarities with T cell leukemia/lymphoma due to human T lymphoblastic virus (HTLV-1) retrovirus (54) and could conceivably be caused by retroviral T cell infection, the preferential use of V68-encoded T cell receptors in a significant number of sarcoid individuals in the absence of clonal rearrangements of V,8-genes argues strongly against the possibility that sarcoidosis is associated with the emergence of a random, transformed sarcoid T cell clone of this single T cell receptor clonotype.
Fifth, because the natural ligand ofthe T cell receptor is an antigen associated with class I or II MHC proteins, the bias for Ti3A+ T cells in this subgroup of individuals with sarcoidosis may be due to selection for Va8-encoded T cell receptors by a specific sarcoid antigen, MHC (56) , this hypothesis is consistent with the finding that biases in Va-gene repertoire have been observed in allo-MHC reactive T cell populations (13). Alternatively, the bias for V#8-encoded T cell receptor usage in a subgroup of sarcoid patients could result from T cell antigen receptor selection by a specific sarcoid antigen without regard to the MHC background at all. In this context, highly multivalent polymers of fluorescein-5-isothiocyanate can bind directly to
